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WHAT ARE THE CHARACTERISTICS OF AN
OPTIMUM PORTFOLIO?

* An optimum portfolio is one that meets your
individual investment objectives as well as possible
given the investments available.

* An optimum portfolio can be constructed only if you
can specifymathematically exactly what you want.

* Investment objectives are specified by giving the
desired minimum return as a function of time, and
the desired maximum risk as a function of time.

» The specified risk and return combination must be
possible to achieve.

Maybe the greatest benefit of using computerized pastt@nstruction and management is that this approach fgoces
to think about what you really want out of your investragahd how you want to go about achieving your goals. If
you know these things well enough to tell a computer what,tgadoare much more conscious of how you make
your investment decisions than most investors. Evem imguortantly, computer portfolio tracking provides a clea
record of performance, and tells you what is and is notlpese accomplish with your methods. These are the
basic questions you need to answer by proving actual nember

1. How much money will you be able to invest now and efthure?

How much money do you need to have in reserve for knmiof, vacation, etc.) and unanticipated
(unemployment, medical, expenses) expenses now and uitne?

3. What is your estimated income, exclusive of the pootfptiu are planning, now and in the future?
4. What are your estimated routine expenses now and inttire?
5. What level of inflation to you expect in the future?

These things needn’t be known exactly, but they shouldves geasonable estimates. The answers to themnailide
an objective estimate of the minimum return you needttenchaximum risk you can take. If the risk and return
combination you need can't be achieved, then you knowothat measures need to be taken — cut expenses or
increase income or both. If they can be met, plastfptimization techniques can be used to estimate tigimaef
safety (defined as the probability you will meet youalgbyou can achieve. If the margin is greater thanfgel
you need, you can spend more or save more. It's uputolydt’s less, you need to cut expenses or increaserin.



* Microsoft Excel is the de facto standard spreadsheet
for portfolio analysis.
» Capabilities of Excel include
- Automatic downloading of data
- Storage of moderate amounts of data
- Spreadsheet functions including sophisticated
statistical analysis methods that can be used
directly on the spreadsheet
- Macro programming using VBA (Microsoft
Visual Basic For Applications)
- The ability to use add-ins written in other
languages such as C++
- Extensive charting features

Using Excel can be dauntingly complex or surprisingly simpleere are likely people in this course that are expert
programmers who can make a computer do pretty much evegytind there are others that simply want to run a
spreadsheet constructed by someone else, and othenethatrgetent with everything except macro and add-in
programming.

By providing an example spreadsheet, we hope to providetag point for people at all three levels. The afsheet

was created for this course by Bob Smithson, and isrighgd by Bob, Anava Corporation, and Anava Capital
Management LLC. Itis being released under the Gnu @Ebieense developed by the Free Software Foundation. This
allows unlimited copying and modifying of the program ad aglunlimited distribution of copies to others, providesit

all such copies and modified versions of the code corftaiGhu License Statements distributed with the original
program.

The workbook has protection added to the Input and Resulkskegts, but there is no password, so protection can be
removed and changes can be made easily. Macro sources es@déable and unprotected, as are all the other
worksheets. The code is not professional quality, aisgibssible for a user to accidentally damage the progoale or
data. For this reason, it is best to keep one or nadecbsckup copies that are never used for calculation.



» Built around a free open-source spreadsheet that uses
- Automatic historical data downloads from Yahoo
Finance

- Manual methods to analyze the performance of
any given portfolio using several different criteria

- VBA macros that calculate optimum portfolios
using random search and gradient ascent
methods and any one of five different
performance criteria.

- Charts to help evaluate the quality of the
optimized portfolio

* We will demonstrate the use of this software to
construct optimized portfolios containing stocks,
bonds, mutual funds, and cash.

We will demonstrate:

© No g~ wDdPE

How to use the spreadsheet to create an optimized portfol

Historical data downloads, both manual and automatia ¥ahoo Finance
Manual analysis of portfolio performance

Use of macros

Use of charts

How to record a macro

A little bit of how to write a macro or change ntacode

How to handle stocks, bonds, mutual funds, and cash



ANAVA il 4
B 1 ANAVA

» SEARCHES ARE THE ONLY METHOD

APPLICABLE TO STOCKS

- Try different proportions of the candidate stocks
to see which performs best as a portfolio.

- Use the actual historical returns over some past
time period for the search. This tells you how a
portfolio would really have performed in the past.
This is the method we use.

- Use randomly generated data similar to the actual
returns (same mean and standard deviation).
This is called a Monte Carlo technique.

 DIRECT CALCULATION

- Possible for known income (most treasuries but
only if they are held to maturity)

For this class we assume that you have somehow selest¢dfcandidate securities which you like individually. The
only feasible method for finding an optimum portfoliotaining most securities is to try a lot of different
combinations of your selected securities to see whilthikely have the best performance. What is “betiffers
depending on your investment objectives and your personatpres.

The main problem with this technique is that you must makedecisions based on past performance, which is never
the same as future performance. There are two corgrasatl methods. One is to use actual past performance over
some time period as a guide. The other (favored by thbedalieve in the “efficient market hypothesis”) iss®e
the performance of portfolios created at random but wils#tme average returns and risks as the actual data. This
removes all correlation between price movementseokéturities in the belief that they cannot be preditd occur
in the same way in the future. This second methodleddhe “Monte Carlo” technique because of the random
“price histories” that are generated.

The difference between the two in practice is thabtttaal data shows a wider range of portfolio performémae the
Monte Carlo simulation. This is because in the realdygrice fluctuations are frequently strongly correlaiétth
each other (or anti-correlated). Thus the best patfolnd in a search on real data will be better thart#se
found with Monte Carlo data, and the worst will be worse

The argument in favor of Monte Carlo is that becauseunlikely that the performance of the best portfolithie past
will be repeated, it is best to assume that the futuneements of the securities will be uncorrelated, leadiray t
more realistic estimate. The argument in favor ofgikistorical data is that you should be realistic in your
estimates. The real world is the real world. Thaesfthe spreadsheet doesn’t just give a best portftilghows
you the actual performance in the past of a thousana® portfolios so you can see the possible effects of
mistakes in portfolio allocation. This gives you a muchebpdell for the risks and possible rewards than an one
number, however calculated.



» Searches
* Random
- Select the percentage of each stock at random to creat
portfolio, then calculate the quality of the portfolio (for
example by calculating the Sharpe ratio) Repeat many
times and choose the best found.
* Pseudo-random
- Same as above, but pick the percentages so that they
cover certain possibilities more completely (e.g. — nearl
all one stock, or favoring equal weighting).
e Systematic
- Use a systematic search (e. g. — even steps in thataeig
for each stock, like 0.0, 0.1, 0.2, ..., 1.0)
» The more you know the more systematic you can be.
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Standard Deviation

This represents 1000 pseudo-random portfolios created fromdé sselected at random from
North American Exchanges. The green dots are individunglom portfolios, and the large red
diamond is the optimized portfolio using the “Sharpe ratibliey are plotted by mean monthly
return and standard deviation. The data used was actudlatatdune 30, 2003 to June 30, 2006,
sampled monthly.

The chart shows that over the three-year period)ynaay combination of the stocks returned a
profit. The results clustered around 2%% per month. Annualized that is about 27% per year, a
little more than doubling in the three years. The wpestorming portfolio had a return of —0.52%
per month or about —6% per year. One stock went up by falomore than 7 in three years. In
the same period the S&P 500 rose 30%, the Russell 2000 aboutiti®¥e Russell 3000 about
35%.

The good results of the randomly selected stocks isaptglmostly luck. There are plenty of
possible portfolios in the diagram at the 1% level ouad8% in three years, in general agreement
with the indexes.



INPUT SHEET

L__¢ | ; ki 5 H NN S A ) I v |
|Bad Tickers i 0.00409008 % Annualized Treasury Rate
1000 I |
i 1 |
1 Minimum % Cash in One Security
|

m
1 6/30/2003 |
To Date (m/diyr) 6/30/2006 il % Cash in One Security

|
Sample Period (d, w, orm)
| |

From Date (m/d/yr) I

| |
[ \ | \
To Date im/d/rr

Random Search lterations

A Sample Portfolio Op timization Program in Excel

Copyright © 2006
b

¥
Robert C. Smithson,
Anava Capital Management LLC
and

Anava Corporation

This program is fres software; you can redistibuts it andor rodifyrit
wnder the s of the GHU General Public Lisense, version 2, as
published by the Free Softwars Foundation

This program is distribwied in the hope {hat it will be wseful, but
WITHOUT ANY WARRANTY  without even the implied wammanty of
WERCHANTABILITY or FITHESS FOR A PARTICULAR
PURPOSE. Ses the GNU General Public Liceuse for more detad

You should have reseived s copyof the G Gensral Publie Lisense
along with this prograra; & nat, Wit to the Free Softvare Foundation,
In., 51 Fravklin Street, Fifth Flooz, Boston, MA 12110-1301 USh,

The author canbe contacted at:
Arava Capital Wanagement LLC

The input sheet has grey areas which are not prote€tesly are used for user inputs. There are also three gratons,
one for downloads, one to compute equal-dollar-weighted geefar sectors, and one to optimize the portfolio.



[

v —
Ticker | Sector Bad Tickers % Annualized Treasury Rate 7
DD 01 - Basic Materials 5.02
KMB 01 - Basic Materials
LYO 01 - Basic Materials Minimum % Cash in One Security
PPG 01 - Basic Materials 0

DCX 04 - Consumer Cyclical

HNZ 05 - Cons Maximum % Cash in One Security

FRE 07 - Finar [_oownoa ] 100
PFE 03 Heah [ COMPUTE SECTOR VALTES |
PFE 08 - Heah Sample Period (d, w, or mj
oS oS [opmmpERomEOm m
RRD 09 - Servi
T o £ From Date (m/di)
6/30:/2003
IMaximize Sharpe Ratio P
Minimize Standard Deviation T
Miriirize: Down Standard Deviation " To Date (m/d/yr)
Desired % Standard Deviation In Sample Period 6/30/2006
Desired % Return In Sample Period
L
n Random Search lterations
Walue:
1000
n
Cancel | ih
T

I Thizrrnoram iz distrihoted in the hore that it 1411

The gray area on the upper left allows the input of up ticR8rs, and associated sectors. The sectors aftenbefor

computing sector averages. The tickers are used ondipvanloading data. The information in the gray areasien t
upper right includes:

Annualized % treasury bond rate for the sampling periioanost cases the current T-bill rate can be used STSII
USED IN OPTIMIZATION

The minimum % cash to be placed in each securitysuBethe number you enter is possible. For example, you
can’t put a minimum of 20% into each of 10 stocks. This shoslially be left at 0.

The maximum % cash to be placed in each stock. Agasurket’s possible. The program assumes you want to
allocate 100% of your money, and you can’t get there aitteximum of 5% in each of 10 stocks. This should
usually be left at 100.

The sample period, m for monthly, w for weekly, andrddaily. THIS VALUE IS USED FOR DOWNLOAD

AND OPTIMIZATION, WHEN OPTIMIZING ON STORED DATA, EE SURE THAT IT IS SET TO THE
INTERVAL AT WHICH THE DATA IS SAMPLED

The date range to download. Be sure the from datedschidfe to date.

The number of random search iterations. For now, 1@dKswvell for most things. If you enter 0O, the prognaith
compute an appropriate number, but it may take longesrtgpate without adding any accuracy.

The green download button downloads data from Yahoo Fénaviou will be given an opportunity to specify the

destination worksheet. The default is Data.

The compute sector values button computes the equal-weigttted galues from a sheet with ticker data and sector

labels. You will be given an opportunity to specify Hoeirce and destination worksheets. The default source is
Data. The default destination is Sectors.

The green optimize portfolio button starts the optini@maprocess. You can select to optimize the Sharpe thg

Standard Deviation, or the Down Standard Deviationo dind the best return for a given desired standarhtien,
or the smallest standard deviation for a given desegtatir.



OUTPUT SHEET

Std Dev Mean Ret  Sharpe |Dwn Std Dev Period Available Cash Security Wt. Dollars Cash
Rizk Free 0.00% 0.41% $100,000.00 oD 0.0% $4.44
Optirnum 3.06% 1.17% 024721 2.84% m KMB 7.5% §7,500.13
End 4.59% 1.54% LYD 9.8% $3.790.24
PPG 0.0% $5.20
DCH 32% $3.232.56

Random Search Portfolio and Optimum After Gradient Ascent HHL 21.7%  $21,708.70
FRE 0.0% §$1.04

JPM 12.7%  $12,747.17
2.50% PFE 0.0% 5260
- BLS 45.0%  $45007.19
ls T RRD 0.0% §0.64
2.00% rra T 0.0% $0.09
s §0.00
Fo $0.00
50.00
$0.00
$0.00
50.00
$0.00
50.00
$0.00
50.00

0.00% $0.00
$0.00

0.0p% 2.0p% E.0p% 8.0p% 0.00% 2.00% s0.00

0.50% - §0.00
s 50.00

1.50%

1.00%

Mean Return

0.50%

Sfe
£

$0.00
-1.00% $0.00
i — 000

Standard Deviation $0.00

$0.00
$0.00

The green dots are the random portfolios plotted by metann and standard deviation over the sample interval.
THESE ARE NOT ANNUALIZED. The red diamond is the iopized portfolio. The statistics for the optimized
portfolio are on the “Optimum” line on the top left. &kecurity dollar weighting for the optimized portfolicois the
top right. The cash to be allocated to each stockxtto the weight, based on the “Available Cash” enteréapa
center. The available cash is not used in optimizatimhcan be changed at any time after the calculatierdoae.
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RESULT CHART

Random Search Portfolio and Optimum After Gradient Ascent

2.50%
4)’

2.00% B

1.50%
Q" 4

1.00%

0.50%

Mean Return

0.00%
0.00%
-0.50%

0p% 8.0D% 0.00% 12.00%

-1.00%

Standard Deviation

Here's a closer look.
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Std Dev Mean Ret  Sharpe Dwn Std Dev Period
Risk Free 0.00% 0.41%
Optimum 3.06% 1.17% 024721 2.84% m
End 4.58% 1.54%
Security Wt. Dollars Cash
oD 0.0% bd.44
KMBE 7.5% b7 50013
L¥0 9.5% $9,790.24
FPG 0.0% $5.20
DCx 3.2% $3,232.56
HMNZ 21.7% ¥21.708.70
FRE 0.0% $1.04
JPM 127% $2747.17
FFE 0.0% b2 .60
ELS 45.0% §45 00719
RRD 0.0% $0.64
T 0.0% $0.09

Each share is given a dollar weight, and the valubebdptimum investment based on the dollars
available. The weights are rounded to the nearest 0.1%an@lue to the nearest penny.

The standard deviation and mean return is over the sgmepibd that is 1 day if daily data was used,
1 week for weekly data, and 1 month for monthly data. t&bhk shows statistics for the risk-free
investment, and for the optimum portfolio. The “Endfielishould be ignored.



I01 - Basic 01 - Basic | vic 09 - Servic 09 - Services

A 1
Date oD KMB \sic 01 - Basic 04 - ConsU05 - Gons.7 - Finant07 - Finand08 - Hearl | FUFEC) T
1-Jun-D6| 1102756 1.30B658 34 pp?azne D1C:aaane wageaena FwﬁzEmaaa J?r\aﬂmu pnrgmsa 95| 1.350794) 1.28015

1.[\.-133:.05 1127375 1.274434 366 1385187 1650251 1.390317 1.265202 1391319 0.749919 39 | | 3R024 | 1.196152
305| 1.434763 1721769 1.362604) 1.276433 1480762 0.795095

3-Apr-06) 1.159486 1.229407 714 126062 1743728 1244721 1775372 1347913 o7ez0e8 o0 1.4130683 1.202722
T-Feb-UB| 1 USHUBH 1292021 1./46699| 1.296045 1 BBG0BY 1233389 1399726 1331677 0.622201 131199 1411766 1 250587
SJan-0B| 102007 1180714 1883844 1261962 1741217 1105509 140B403 1286614 0799545 1203426 1356376 1178443
1-Dec-05| 1107305 1242424 1888537 1728097 1550185 1.088164 1356476 1273601 0725073 1122086 1423358 109526
1-NowD5| 1.113995 1219377 210119 128818 1527604 1120866 1266624 1227634 0659245 112848 1422928 1114031
3-0ct05 10768 1174369 2195578 1261962 1520383 114501 1263907 1175282 0670216 1077088 1445114 1088635
1-Gep-05| 1.011507 1230887 2344308 1245576 1613551 1.179633 1.16327 1.078197 0769926 1.076231  1.5307 1057719
1-Aug05| 1.021943 1279129 2113946 1325922 156995 1.149583 123673 1.076672 0785415 1.075803 1.542722 1062412
1-Ju-05| 1.092568 1308579 2 270408 1368532 1470608 1177295 1296178 1.116634 0.611229| 1.12933 1478317 1076636
1-Jun05| 1101161 1284578 2 147109 1311121 1230552 113399 1.336093 1111332 0544143 1075603 14152 1033767
2-May-0 1190705 1311353 1628422 1.386170 1223885 1154501 1325053 1124317 0854148 1083512 1363248 1017832
1-Ap-05| 1.19BEE2 1272041 2018558 1401573 1196351 11B9B16| 1.253291 1118986 0826073 1072377 1338772 1036133
1-Mar-05| 1301570 1339735 2247440 1.483041 1200247 11GSG16 1287473 1077885 0798645 1053533 1286380 1017363
1-Feb-05| 1354027 1335804 272534 1492609 1339338 1194392 1256263 1138834 079920 1033833 1351224 1033318
3-Jan-05| 1.199693 1326291 2352041 1.419178 1322145 1.200334) 132293 1153022 0720945 1.051392 1.350365 1.020648
1-Dec-04| 1.237356 1332266 2312075 1.405267 1395859 1.23773 1493418 1.204771 0611229 1.102784 1.424646 1092914
1-NowD4| 1.143431 1256216 2243197 1391086 1301757 1.170952 137707 1.162691 0630012 106424 140103 1067105
1-Oct-04| 1.073053 1180324 1821429 130544 1204203 1145242 1343737 119218 0660345 1056244 1069768 1071328
1-Gep-04| 107118 1277836 1780812 1264571 1203262 1134891 1318136 12167 0917715 1085053 1054816 1087752
2-Aug04| 10578 1311566 1551224 1.209045 1213514 1185300 1348195 1212081 0079994 105162 1231 1081183
1-Ju-D4| 1.0B3955 1253323 142432 1197725 1304266 1153588 120172 1143141 00553533| 1.0B4GGE 1260827 1081943
f-Jure0d| 1102480 1295551 1352245 1260827 1367620 122571 1271338 1178338 1022688 10197 1311292 1003265
3May-04| 107225 1.207679 1.294218) 1.214983 1.292346 1156598 1.166679 111629 1.054211 0.970876 1200603  0.99076
1-Apr-0d| 1.056998 1279120 1.262755 1.19598 1.209637 1184975  1.167091 1.141484 1061633 1.020965 1158008 1.030033
I-Mar-04| 1039069 1.233248 1145408 1.175661 1.202008 1157262 1.180255 1263008 1.040658 1.067238 119064 1002816
2-Feb-04| 1.109714 1266295 13¢5 1.183526 1293915 1176628 1231423 1235265 1080093 1062527 1260322 0981229
2-Jan-04| 1.071963 1147247 1306973 1.1BSE11 1 36A883 1089482 1241401 1170974 1082807 1 126767 1219837 1041784
1-Dec-03| 1120685 1147674 1282617 1281626 1330928 1.12187 1150873 1095750 1044208 108137 11789 1053027
_Olet 03| 1.170417 1095358 1103608 107707 1055337 0092056 =

1-Oct-03) 0.378057] 1.01342 98| 1.145202 1063676 1.0798 1.11104 1070808 0329855 57/ 1.004723  D.9668553

2-Sep-03 0.958691 0.990824 e 103731 1.009724 1047748 1.038093 1014268 009y 30 0.961357  0.883623
LAug0 108270 DRI 5 S |t T (6 1 15 76 0 o7icea 0 senose
1-Jul-03) 1.0553592 0928297 1 ! ! ! ! ! V54 1.012022) 0.827733
2-Jun-03 1 1 1 1 1

This shows downloaded data which is monthly over three y&afesw portions are magnified.



OPEN SOURCE CODE

Iim InitPrice is Double

'This Routine downloads historical pricing information by month for all tickers listed in colwumn
'A of the "Input"™ Worksheets., LAll data is then copied onto the strlestination sheet and then
'sorted by date [oldest first).

On Error GoTo ErrorHandler2 ' Enable non-loop error-handling routine.

'prompt for destination worksheet
strlestination = InputBox("Enter Destination Worksheet', "Destination Worksheet'™, "Data®

'First clear the contents of the Data sheet and the error coluwmn on "Input™.
Worksheets (strlestination) .Activate

Worksheets (strlestination) .Cells.ClearContents

Worksheets ("Input™) ., Letivate

Worksheets ("Input™) .Range(Cells(Z, 3], Cell=(76, 3)).ClearContents

'"Fead in the "Interwval™, the "To Date™ and the "Fromw Date™ fromw the "Input™ worksheet to input
'into guery string to the internet site.

TolDate = Worksheets ("Input").Cells (7, &).Value
strToMonth = Month(ToDate

strTolay = Day(ToDate)

strToYear = Vear (ToDate)

FROMDate = Worksheets("Input™).Cells(6, 6).Value
strFROMMonth = Month (FROMDate)
strFRONDay = Day(FROMDate

This shows some of the source code. If you know howrite wiacros, feel free to use them as a
starting point for your own.



Bond ETFs & Mutual Funds

12

Value

Date

[—SHY —IEF  TLT  LQD —VUSTX — PRWBX]

SHY: 1-3 Yr Treasury ETF  IEF: 7-10C Yr Treasury ETF TLT: 20+ Yr Treasury ETF
LQD: Corp. Bond ETF VUSTX: LT Treasury MF PRWBX: ST Bond MF

Bonds, even ‘“risk-free” bonds, are usually best approxunayeorices for ETFs or mutual funds.
The reason for this is that they represent the vaflyeur holdings versus time, the amount you
would receive if you were forced to cash in a bond befeaturity. Notice the fluctuations in short-

term treasuries, the most risk-free of all risk-fre@estments.

| am not aware of any source for historical pricesnalividual bonds.



Money Market Mutual Funds

Value

1.06 //
1.04 /

1.02 1 /
1 ‘ : : : : :
)
Q 0,

Date

|— DFINX — DVMKX|

DFINX: Diversified Investors Insti Mon
DVMKX: Diversified Money Market Inv

Money market funds can be treated in the same watoak and bond funds if the earlier price of the
fund (usually kept constant at $1 or $10) is adjusted at@igitiend time assuming reinvestment of
dividends. This is done in the “Adjusted Close” columnfimds listed in Yahoo historical prices.

It can also be done manually (on the spreadsheet of ¢darsmy such fund for which a dividend
history is available.

Money in CDs, annuities and the like, with guaranteed fuhtegest rates can be analyzed using
FUTURE cash-out returns as a function of time, plotedash value to you as a function of time.
Of course you should include a possibility of loss fronadi$, not really necessary for insured
savings. Then there’s the “under the mattress” accaumth is simply a flat line in non-inflation
adjusted dollars (zero risk, zero return) to start matht should be corrected for the chance of loss
caused by fire, theft, foolish spending, etc. as a funaifdime.

The foolish spending factor, by the way, is a partidylbad problem for easy-to-spend accounts like
cash, but always exists for nearly any form of asseligve never seen it considered in any financial
analysis.
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‘&= SHARPE - MM vs STOCK FUND

Random Search Portfolio and Optimum After Gradient Ascent

1.20%

1.00% /
0.80%

0.60% -

Mean Return

0.40% 1
0.20% - /

0.00% T T T T

0.00% 0.50% 1.00% 1.50% 2.00% 2.50%
Standard Deviation
OPTIMUM PORTFOLIO Return / Month : 0.21% Std Dev: 0.15%
DFINX: 95.8% Return / Month : 0.17% Std Dev: 0.13%
SWTIX: 4.2% Return / Month : 1.02% Std Dev: 2.37%

Here the Sharpe Ratio — based on the mean return oktsury fund over the 3 year optimization

period — is highest for a portfolio containing mostly theney market fund. This is because of the
much lower volatility than the stock fund. Even though teturns are much higher for stocks, the
risk is much greater too.



Random Search Portfolio and Optimum After Gradient Ascent

1.20%

1.00% 22

oo /

0.60% -

Mean Return

0.40% -

0.20% -

0.00% T T T T
0.00% 0.50% 1.00% 1.50% 2.00% 2.50%

Standard Deviation
OPTIMUM PORTFOLIO Return / Month : 0.18% Std Dev: 0.12%
DFINX: 98.9% Return / Month : 0.17% Std Dev: 0.13%
SWTIX: 1.1% Return / Month : 1.02% Std Dev: 2.37%

The standard deviation is lowest at 1.1% stocks. Sauifwant the least risk you should have most
of your money in the money market fund, but keep a littkr % in the stock fund. There isn’'t a
lot of improvement over 100% money market, but the retuhigher and the risk lower by keeping a
little money in uncorrelated but riskier investments. sTiginot what you would think intuitively.
Wouldn't it always be best to put everything in the saflevestment? The answer is no. Maybe the
guy who came up with modern portfolio theory won a Ng&le because this is so counter to
common sense.



‘&= SHARPE - TREASURY vs STOCKS

1.20%

Random Search Portfolio and Optimum After Gradient Ascent

1.00%

o~ |

0.80%

/

0.60% -

Mean Return

0.40% -

0.20% -

0.00%

0.00% 0.50% 1.00% 1.50% 2.00% 2.50%
Standard Deviation
OPTIMUM PORTFOLIO Return / Month : 1.02% Std Dev: 2.37%
SHY: 0.0% Return / Month : 0.13% Std Dev: 0.44%
SWTIX: 100.0% Return / Month : 1.02% Std Dev: 2.37%

Here, the Sharpe Ratio is highest at 100% stocks. Sa Wvgmt the best returns (average about 1%

per month) at a fair risk (standard deviation of montatyms about 2.4%), stay in stocks rather than

including treasuries. Conservative investors should add treasarfeduce their risk to an
acceptable level, or better yet move to money markeisfunhich have better returns than this and

lower standard deviations.
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STD DEV - TREASURY vs STOCKS ®

Random Search Portfolio and Optimum After Gradient Ascent
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Standard Deviation
OPTIMUM PORTFOLIO Return / Month : 0.16% Std Dev: 0.43%
SHY: 96.4% Return / Month : 0.13% Std Dev: 0.44%
SWTIX: 3.6% Return / Month : 1.02% Std Dev: 2.37%

Once again, adding a few shares of a stock fund improuasiseand reduces risk.
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Random Search Portfolio and Optimum After Gradient Ascent
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Standard Deviation

OPTIMUM PORTFOLIO Return / Month : 0.17% Std Dev: 0.13%
SHY: 0.0% Return / Month : 0.13% Std Dev: 0.44%
DFINX: 100.0% Return / Month : 0.17% Std Dev: 0.13%

OK, you don't trust any stocks. So let’s stick with fadest investments, treasuries and money
markets. The curve may surprise you. It's inverted friegnusual one because the security with the
highest return also has the lowest risk. Here we haeturn of about 0.17% monthly or about 2.1%
annually from the money market fund, but only 0.13% (1.52ftialty) from the treasuries. The
treasuries have higher risk than the money markatprasg you might need the money at any time,
but lower if you keep them all to maturity. We’'re usihg former assumption.

21



= STDDEV-TREASURYvsMM ™

Random Search Portfolio and Optimum After Gradient Ascent
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Standard Deviation

OPTIMUM PORTFOLIO Return / Month: 0.1705% Std Dev: 0.1269%
SHY: 5.2% Return / Month : 0.13% Std Dev: 0.44%
DFINX : 94.8% Return / Month : 0.1730% Std Dev: 0.1291%

Once again, adding a few shares of a riskier security esdisk. However, in this case, it doesn't
increase returns. That’s because the higher risk tneisudt has lower returns, but reduces overall
risk by virtue of being uncorrelated with the money marketdoesn't make a lot of difference
though. We had to go to 3 decimal places to see it.
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Standard Deviation
OPTIMUM PORTFOLIO Return / Month: 0.21% Std Dev: 0.15%
SHY: 0.0% Return / Month : 0.13% Std Dev: 0.44%
DFINX : 95.7% Return / Month : 0.17% Std Dev: 0.13%
SWTIX: 4.3% Return / Month : 1.02% Std Dev: 2.37%

Once again, adding a few shares of a riskier security esdigk and increases returns. We use the
low risk of the money market and the high returns oftbeks to produce the best portfolio as
measured by the Sharpe ratio. The addition of any treasugakes things worse.



For minimum standard deviation, it works better to adubdure of treasuries and stocks to the
money-market fund. It reduces the risk more than josks, and still increases the performance a
bit.

Random Search Portfolio and Optimum After Gradient Ascent
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Standard Deviation
OPTIMUM PORTFOLIO Return / Month: 0.18% Std Dev: 0.12%
SHY: 1.4% Return / Month : 0.13% Std Dev: 0.44%
DFINX : 95.4% Return / Month : 0.17% Std Dev: 0.13%
SWTIX: 1.1% Return / Month : 1.02% Std Dev: 2.37%
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== FINALHOMEWORK '

Use this spreadsheet (modified if you like), or any or bbf the
other tools demonstrated in previous classes, to produee
portfolio that meets your requirements for investing, o to
come as close as you can.

There are a lot of capabilities that have not been shown this
introduction. Analysis can be done by sectors, or by any atin
category such as market cap, US versus foreign, etc.

The purpose of all these classes is to guide you at leaste
through a computerized procedure that can help meet your
own investing goals.

By the way — once you're completely computerized it's easg t
make sell decisions. You sell when the computer says t

Revisions of the spreadsheet will be posted from tira@ie over the next couple of months, as well
as a more comprehensive manual. Check the websiteton wour email. They will be announce
via the class mailing list.



